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Abstract. We consider the gamma-ray burst of 1997 February 28 (GRB 970228) within the Elec-
troMagnetic Black Hole (EMBH) model. We first determine the value of the two free parame-
ters that characterize energetically the GRB phenomenon in the EMBH model, that is to say the
dyadosphere energy, Edya = 5.1× 1052 ergs, and the baryonic remnant mass MB in units of Edya,
B = MBc2/Edya = 3.0× 10−3. Having in this way estimated the energy emitted during the beam-
target phase, we evaluate the role of the InterStellar Medium (ISM) number density (nISM) and of
the ratio R between the effective emitting area and the total surface area of the GRB source, in
reproducing the observed profiles of the GRB 970228 prompt emission and X-ray (2-10 keV energy
band) afterglow. The importance of the ISM distribution three-dimensional treatment around the
central black hole is also stressed in this analysis.
The GRB 970228 [1] had an important role in solving the origin of GRBs through the
first detection of counterparts at other wavelengths: the afterglow phenomenon, long-
lived multi-wavelength emission, was discovered following GRB 970228 at X-ray ([2],
Costa et al. [3]) and optical ([4], van Paradijs et al. [5]) wavelengths. We consider of
great interest to compare the predictions of the ElectroMagnetic Black Hole (EMBH)
theory (see Ruffini et al. [6] and references therein) with the first afterglow observed by
the Beppo-SAX satellite. We are also interested in testing the efficiency of the model
in reproducing the GRB 970228 prompt emission: in the 40-700 keV energy band the
burst was characterized by an initial 5 s strong pulse followed, after about 30 s, by three
additional pulses of decreasing intensity (Frontera et al. [7]). The InterStellar Medium
(ISM) number density (nISM) inhomogeneities have an important role in interpreting this
profile within the EMBH model.
Our analysis starts establishing the value of the two free parameters that determine
energetically the GRB phenomenon in the EMBH model: the total energy deposited
in the dyadosphere Edya (Ruffini et al. [8]) and the amount of the baryonic matter left
over in the collapse process of the EMBH progenitor star (Ruffini et al. [8]), that can
be parametrized by the dimensionless parameter B = MBc2/Edya. With the choice of
Edya = 5.1 × 1052 ergs and B = 3.0 × 10−3, the EMBH model predicts that a 98%
of the total energy Edya is emitted during the so-called beam-target phase (Ruffini
et al. [9]), that is to say during the collision of the Accelerated Baryonic Matter-pulse
(ABM-pulse) with the ISM (Ruffini et al. [6]). During this phase, the internal energy
developed in the collision is instantaneously radiated away (fully radiative condition)
and, as a consequence, the resulting shape of the light curve is strictly linked to the ISM
distribution and number density (Ruffini et al. [10]). We use a one-dimensional treatment
of the ISM, where the nISM is a function of the radial distance from the central black
hole (Ruffini et al. [10]). In order to reproduce the observed profile of the GRB 970228,
nISM has to range between the values of 10−2 particles/cm3 and 200 particles/cm3 in
the region of space within 2.00× 1015 cm and 4.95× 1016 cm from the central black
hole. Since 2.00× 1015 cm and beyond 4.95× 1016 cm, the ISM number density has
a constant value of 1 particle/cm3 (details are given in Ruffini et al. [11], Ruffini et al.
[12]). The correct spectral distribution of the energy emitted during the the beam-target
phase depends on the R parameter (Ruffini et al. [13]). As a consequence, the theoretical
curves in selected energy bands are strictly related to this parameter. R is a function of
the radial distance from the EMBH and it represents the ratio between the effective
emitting area of the ABM-pulse and its total surface area:
R = Ae f f /AABM (1)
According to Ruffini et al. [13], by assuming a black-body spectrum in the co-moving
frame for the radiation emitted during the collision with the ISM, the spectral distribution
of the energy emitted results to be dependent on the temperature of the emitting black
body (Ruffini et al. [13], Ruffini et al. [14]):
T =
(
∆Eint
4pir2∆τσR
)1/4
(2)
where ∆Eint is the proper internal energy developed in the collision of the ABM-pulse
with the ISM in the proper time interval ∆τ , r is the radial coordinate of the ABM-pulse,
t is the laboratory time (Ruffini et al. [15]), σ is the Stefan-Boltzmann constant. In the
case of GRB 970228 we find R monotonically varying from 3.7×10−12 to 8.8×10−11
when the radial coordinate r goes from 7.0×1014 cm to 5.0×1017 cm. With this result,
the first peak in the 40-700 keV observed light curve is correctly reproduced by the
model (details are given in Ruffini et al. [11], Ruffini et al. [12]). The three additional
pulses, that follow the first one after a gap in the emission, are reproduced by the model
in terms of the mean luminosity. The Fast Rise Exponential Decay (FRED) shape that
emerges in the theoretical light curve is a consequence of the one-dimensional treatment
of the ISM. To solve this problem, a three-dimensional treatment of the ISM distribution
is required (details are given in Ruffini et al. [11], Ruffini et al. [12]).
About the X-ray afterglow, in Fig.1 we present the theoretical curve in the 2-10 keV
energy band compared with the observed data by Beppo-SAX (Costa et al. [3]) and
ASCA [16]. The afterglow phase corresponds to the ABM-pulse expansion in the region
beyond 4.95× 1016 cm, where the number density of the ISM has a constant value,
nISM =1particle/cm3. We can see that there is a good agreement (χ2=0.5) between the
theoretical light curve in the 2-10 keV energy band and the observed data by Beppo-SAX
and ASCA. From this analysis we conclude that:
• a mask of density inhomogeneities of the ISM is needed in the region of space
between 2.00 × 1015 cm and 4.95 × 1016 cm from the black hole, in order to
reproduce the structure of the GRB 970228 prompt emission;
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FIGURE 1. Afterglow 2-10 keV: the solid line represents the theoretical light curve for the 2-10 keV
emission in the EMBH model. The points are the GRB 970228 2-10 keV afterglow data observed by
Beppo-SAX (Costa et al. [3]) and ASCA ([16])
• a three-dimensional treatment of the ISM is required in order to improve the
theoretical predictions of the model (details are given in Ruffini et al. [11], Ruffini
et al. [12]);
• finally, a good result is obtained with a constant value of the nISM =1particle/cm3
for the 2-10 keV afterglow emission.
REFERENCES
1. IAU Circ. 6572 (1997).
2. IAU Circ. 6576 (1997).
3. Costa, E., Frontera, F., Heise, J., Feroci, M., in’t Zand, J., Fiore, F., Cinti, M. N., Dal Fiume, D.,
Nicastro, L., Orlandini, M., Palazzi, E., Rapisarda, M., Zavattini, G., Jager, R., Parmar, A., Owens,
A., Molendi, S., Cusumano, G., Maccarone, M. C., Giarrusso, S., Coletta, A., Antonelli, L. A.,
Giommi, P., Muller, J. M., Piro, L., and Butler, R. C., Nature, 387, 783 (1997).
4. IAU Circ. 6584 (1997).
5. van Paradijs, J., Groot, P. J., Galama, T., Kouvelioutou, C., Strom, R. G., Telting, J., Rutten, R. G. M.,
Fishman, G. J., Meegan, C. A., Pettini, M., Tanvir, N., Bloom, J., Pedersen, H., Nørdgaard-Nielsen,
H. U., Linden-Vørnle, M., Melnick, J., van der Steene, G., Bremer, M., Naber, R., Heise, J., in’t
Zand, J., Costa, E., Feroci, M., Piro, L., Frontera, F., Zavattini, G., Nicastro, L., Palazzi, E., Bennet,
K., Hanlon, L., and Parmar, A., Nature, 386, 686 (1997).
6. Ruffini, R., Bianco, C. L., Chardonnet, P., Fraschetti, F., Vitagliano, L., and Xue, S.-S., “New Per-
spectives in Physics and Astrophysics from the Theoretical Understanding of Gamma-Ray Bursts,”
in COSMOLOGY AND GRAVITATION: Xth Brazilian School of Cosmology and Gravitation; 25th
Anniversary (1977-2002), edited by M. Novello and S. E. P. Bergliaffa, AIP, New York, 2003, vol.
668, p. 16.
7. Frontera, F., Costa, E., Piro, L., Muller, J. M., Amati, L., Feroci, M., Fiore, F., Pizzichini, G., Tavani,
M., Castro-Tirado, A., Cusumano, G., Dal Fiume, D., Heise, J., Hurley, K., Nicastro, L., Orlandini,
M., Owens, A., Palazzi, E., Parmar, A. N., in’t Zand, J., and Zavattini, G., ApJ, 493, L67 (1998).
8. Ruffini, R., Salmonson, J. D., Wilson, J., and Xue, S.-S., A&A, 855, 359 (2000).
9. Ruffini, R., Bianco, C. L., Chardonnet, P., Fraschetti, F., and Xue, S.-S., ApJ Lett., 555, L113 (2001).
10. Ruffini, R., Bianco, C. L., Chardonnet, P., Fraschetti, F., and Xue, S.-S., ApJ Lett., 581, L19 (2002).
11. Ruffini, R., Bianco, C. L., Bernardini, M. G., Corsi, A., Chardonnet, P., Fraschetti, F., and Xue, S.-S.
(2003a), in preparation.
12. Ruffini, R., Bernardini, M. G., Bianco, C. L., Bernardini, M. G., Corsi, A., Chardonnet, P., Fraschetti,
F., and Xue, S.-S., “,” in Proceedings of the 10th Marcell Grossmann Meeting, 2003b, in preparation.
13. Ruffini, R., Bianco, C. L., Chardonnet, P., Fraschetti, F., Gurzadyan, V., and Xue, S.-S., IJMPD
(2004), in press.
14. Ruffini, R., Bernardini, M. G., Bianco, C. L., Chardonnet, P., Fraschetti, F., and Xue, S.-S.,
“GRB 980425, SN1998bw and the EMBH Model,” in Proceedings of the 34th COSPAR Scientific
Assembly, edited by E. Pian, N. Masetti, and L. Piro, Elsevier, 2003, in press.
15. Ruffini, R., Bianco, C. L., Chardonnet, P., Fraschetti, F., and Xue, S.-S., ApJ Lett., 555, L107 (2001).
16. IAU Circ. 6593 (1997).
